Abstract. The thorns of Gleditsia sinensis are a traditional Oriental medicine used for the treatment of swelling, suppuration, carbuncle and skin diseases. In the present study, we identified a novel molecular mechanism by which an ethanol extract of Gleditsia sinensis thorns (EEGS) inhibits the growth of the SNU-5 human gastric cancer cell line. EEGS treatment inhibited cell growth and was associated with G1 phase cell cycle arrest at a concentration of 400 µg/ml (IC 50 ) in SNU-5 cells. Treatment with EEGS also stimulated p21WAF1 expression, which significantly decreased the expression of cyclins and cyclin-dependent kinases (CDKs). Further study suggested that p38 MAP kinase pathways may be involved in the inhibition of cell proliferation through p21WAF1-dependent G1 phase cell cycle arrest in EEGS-treated cells. In addition, NF-κB and AP-1 transcription factor binding sites were identified as the cis-elements for tumor necrosis factor-α (TNF-α)-induced matrix metalloproteinase-9 (MMP-9) expression in SNU-5 cells, as determined by gel-shift assay. Treatment of cells with EEGS suppressed MMP-9 expression induced by TNF-α via a decrease in the binding activity of both NF-κB and AP-1 motifs. These data demonstrate that EEGS-mediated inhibition of cell growth appears to involve the activation of p38 MAP kinase, subsequently leading to the induction of p21WAF1 and the downregulation of cyclin D1/CDK4 and cyclin E/CDK2 complexes. Moreover, EEGS strongly inhibited TNF-α-induced MMP-9 expression by impeding the DNA binding activity of NF-κB and AP-1.
Introduction
Gastric cancer, a malignant epithelial tumor, is one of the most common cancers and is the second most common cause of cancer-related mortality in the world (1, 2) . Recently employed therapies for gastric cancer during the past few years have included chemotherapy, surgery and radiation (3) (4) (5) . It is generally accepted that systemic chemotherapy is the main option. Although these therapies have led to considerable improvements in gastric cancer treatment, the occurrence of drug resistance, which is associated with poor prognosis, remains a dire issue (6, 7) . Thus, there is a pressing need for the development of effective drugs for the treatment of gastric cancer.
The regulation of the cell cycle is a series of events leading to the maintenance of cell proliferation in multicellular organisms. Regulation consists of four distinct sequential phases: the G1 phase, the S phase (synthesis), the G2 phase, and the M phase (mitosis) (8) . The major factors involved in this process are cyclins and cyclin-dependent kinases (CDKs), which regulate the progression of the cell cycle (8) (9) (10) . Progression from the G 1 to the S phase of the cell cycle predominantly requires the activation of cyclin D1-CDK4 and cyclin E-CDK2 (8) . The kinase activity of these cyclins/CDK complexes can be blocked by CDK-inhibitory proteins, including p21WAF1 and p27KIP, which subsequently obstruct G1 cell cycle progression (11) . In addition, previous results have suggested that activation of the mitogen-activated protein kinase (MAPK) signaling transduction pathway, such as extracellular signaling-regulated kinase 1/2 (ERK1/2), c-Jun N-terminal kinase (JNK) and p38 MAPK are known to be involved in the inhibition of cell growth (12) (13) (14) . Accumulative evidence has shown that the p38MAPK signaling transduction pathway may be associated with the process of cell cycle arrest (13, 14) .
Many studies have found that MMPs, particularly MMP-2 (gelatinase A, 72-kDa gelatinase) and MMP-9 (gelatinase B, 92-kDa gelatinase), promote the degradation of the extracellular matrix (ECM), which is a process that is involved in tumor invasion and metastasis (15, 16) . Previous studies have shown that higher levels of MMP-9 are associated with metastatic tumors such as gastric cancer (17) (18) (19) . Previous reports have indicated that TNF-α induces MMP-9 expression in cancer cells (20) (21) (22) (23) . The expression of MMP-9 by TNF-α is mediated via activation of the transcription factors NF-κB and AP-1 in several tumor cell types (20) (21) (22) (23) .
Gleditsia sinensis has been used mainly in Oriental countries for years as a traditional medicine for the treatment of swelling, suppuration, carbuncle and skin diseases (24) . The main constituents of Gleditsia sinensis include stigmasterol, ellagic acid glycoside and lupine acid (25) (26) (27) . Gleditsia sinensis exhibits a number of biological activities, including the promotion of anti-allergenic, anti-inflammatory and antitumor effects (29, 30) . Although noticeable progress has been made toward our understanding of the mechanisms of the Gleditsia sinensis-induced antitumor effect, the sequence of events leading to cell growth inhibition in cancer cells treated with Gleditsia sinensis thorns remains unclear. The present study demonstrated that the antitumor effect of an extract of Gleditsia sinensis thorns on the p38MAPK signaling pathway involved cell cycle modulation and growth inhibition in human gastric cancer cells in vitro. Moreover, we examined MMP-9 regulation in gastric cancer SNU-5 cells following treatment with Gleditsia sinensis thorns.
Materials and methods
Materials. Polyclonal antibodies to cyclin E, CDK2 and CDK4 were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Polyclonal antibodies to cyclin D1, p21WAF1, p53, p27KIP, ERK1/2, phospho-ERK, p38 MAP kinase, phospho-p38 MAP kinase, JNK and phospho-JNK were obtained from New England Biolabs (Beverly, MA, USA). U0126 and SB203580 were obtained from Calbiochem (San Diego, CA, USA). A polyclonal antibody to MMP-9 was obtained from Chemicon (Temecula, CA, USA).
Preparation of the extract. Air-dried and crushed Gleditsia sinensis thorns (100 g) were added to ethanol, and extraction was performed by heating at 100˚C. The extract was then concentrated with a rotary evaporator and lyophilized. The final extract weighed 10 g (a collection rate of 10%), and was diluted with saline solution.
Cell cultures. The human SNU-5 gastric cancer cell line was obtained from the American Type Culture Collection (Manassas, VA, USA). The cells were maintained in DMEM (4.5 g glucose/liter) supplemented with 10% fetal calf serum, L-glutamine, and antibiotics (Biological Industries, Beit Haemek, Israel) at 37˚C in a 5% CO 2 humidified incubator.
Cell viability assay. Subconfluent, exponentially growing SNU-5 cells in 96-well plates, were incubated with the ethanol extract of Gleditsia sinensis thorns (EEGS) for various periods of time. Cell viability was determined using a modification of a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, which was based on the conversion of the tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2-tetrazolium to a formazan product by mitochondrial dehydrogenase (31) . The formazan product was quantified by measuring the absorbance at 490 nm.
Apoptosis detection by ELISA. Detection of cell apoptosis was based on the quantification of the enrichment of monoand oligo-nucleosomes in the cytoplasm using a Cell Death Detection ELISA kit (Roche, Mannheim, Germany). Briefly, after treatment of cells with EEGS, the cells were lysed and centrifuged. The supernatant containing the cytoplasmic histone-associated DNA fragments was transferred to a microplate coated with streptavidin, and was then reacted with a mixture of the anti-histone antibodies labeled with biotin and anti-DNA antibodies coupled with peroxidase. Peroxidase was thereafter added as a substrate, and the development of the color was read photometrically at 405 nm with 490 nm as the background. The specific enrichment of mono-and oligo-nucleosomes released into the cytoplasm was expressed as an enrichment factor compared with the control.
Cell cycle analysis (FACS).
Cells were harvested, fixed in 70% ethanol, and stored at -20˚C. Cells then were washed twice with ice-cold PBS and incubated with RNase and a DNA intercalating dye, propidium iodide. Cell cycle phase analysis was performed using a Becton Dickinson FACStar flow cytometer equipped with Becton Dickinson Cell Fit software.
Immunoprecipitation and immunoblotting. Growth-arrested cells were treated with EEGS in the presence of 10% FBS for various time periods at 37˚C. Cell lysates were prepared, and immunoprecipitation and immunoblotting were performed as previously described (31, 36) .
Zymography. The conditioned medium was electrophoresed in a polyacrylamide gel containing gelatin at a concentration of 1 mg/ml. The gel was washed at room temperature for 2 h with 2.5% Triton X-100 and then at 37˚C overnight in a buffer containing 10 mM CaCl 2 , 150 mM NaCl and 50 mM Tris-HCl (pH 7.5). The gel was stained with 0.2% Coomassie blue and photographed on a light box. Proteolysis was detected as a white zone in a dark blue field.
Nuclear extracts and electrophoretic mobility shift assay.
Nuclear extracts were essentially prepared as described elsewhere (31, 36) . Cultured cells were collected by centrifugation, washed and suspended in a buffer containing 10 mM HEPES (pH 7.9), 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT and 0.5 mM PMSF. After 15 min on ice, the cells were vortexed in the presence of 0.5% Nonidet NP-40. The nuclear pellet was then collected by centrifugation for 15 min at 4˚C and extracted in a buffer containing 20 mM HEPES (pH 7.9), 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT and 1 mM PMSF.
The nuclear extract (10-20 µg) was preincubated at 4˚C for 30 min with a 100-fold excess of an unlabeled oligonucleotide spanning the -79 MMP-9 cis element of interest. The sequences were: AP-1, CTGACCCCTGAGTCAGCACTT; NF-κB, CAG TGGAATTCCCCAGCC; Sp-1, GCCCATTCCTTCCGCC CCCAGATGAAGCAG. The reaction mixture was then incubated at 4˚C for 20 min in a buffer (25 mM HEPES buffer pH 7.9, 0.5 mM EDTA, 0.5 mM DTT, 0.05 M NaCl and 2.5% glycerol) with 2 µg of poly dI/dC and 5 fmol (2x10 4 cpm) of a Klenow end-labeled ( 32 P-ATP) 30-mer oligonucleotide, spanning the DNA-binding site of the MMP-9 promoter. The reaction mixture was electrophoresed at 4˚C in a 6% polyacrylamide gel using a TBE (89 mM Tris, 89 mM boric acid and 1 mM EDTA) running buffer. The gel was rinsed with water, dried and exposed overnight to X-ray film.
Statistical analysis.
Where appropriate, data were expressed as the means ± SE. Data were analyzed using factorial ANOVA and a Fisher's least significant differences test where appropriate. Statistical significance was set at P<0.05.
Results

EEGS treatment reduces the proliferation of human SNU-5 gastric cancer cells.
To assess the effect of EEGS on cell proliferation and cell death, SNU-5 cells were treated with 200, 400, 600 and 800 µg/ml doses of EEGS for 24 h. Cells treated with EEGS demonstrated a concentration-dependent inhibition of cell growth (Fig. 1A ). In addition, as shown in Fig. 1B , using an ELISA-based assay, we observed an increase in cytoplasmic DNA-histone complexes (>600 µg/ml), which is associated with apoptosis, in the EEGS-treated cells. Cells treated with the vehicle (ethanol) showed no changes in the basal levels of cell growth and cell death (data not shown). These data suggest a strong growth inhibitory effect and an apoptotic effect in EEGS-treated SNU-5 cells.
EEGS treatment induces G1 phase cell cycle arrest.
Since EEGS treatment resulted in a strong inhibitory effect on cell growth of SNU-5 cells, we analyzed the cell cycle distribution using flow cytometry. SNU-5 cells exhibited an accumulation of the DNA content characteristic of the G1 phase cell cycle following treatment with EEGS (400 µg/ml), based on a comparison with the control (Fig. 2) . To investigate the mechanism controlling the G1 phase of the cell cycle, we further examined the effects of EEGS treatment on the levels of cyclins and CDKs, which are associated with the G1 phase of the cell cycle. EEGS treatment for 24 h resulted in complete inhibition of the expression of cyclin D1 and cyclin E, as well as a decrease in CDK2 and CDK4 proteins (Fig. 3A) . Cell lysates were next examined for kinase activity of CDK2 and CDK4 immunoprecipitates in the EEGS-treated cells. EEGS treatment inhibited CDK2-and CDK4-associated kinase activities in the SNU-5 cells in a dose-dependent manner (Fig. 3B) .
p21WAF1 is associated with EEGS-induced G1 phase cell cycle arrest. Cyclin-dependent kinase inhibitors (CDKIs) are negative regulatory proteins that bind to CDK/cyclin complexes and inhibit kinase activities (11) . Based on our results demonstrating the cell cycle arrest effect of EEGS, immunoblotting was performed to determine whether EEGS modulates the expression levels of CDKIs. Our results indicated that treatment of SNU-5 cells with EEGS for 24 h induced the expression levels of p21WAF1 in a dose-dependent manner compared with untreated cells (Fig. 3C) . However, EEGS treatment resulted in no noticeable change in the induction of p27KIP1 and p53 tumor-suppressor proteins in the SNU-5 cells (Fig. 3C) . These results clearly showed that p21WAF1 is involved in EEGS-induced G1 phase cell cycle arrest. Next, we determined the effect of EEGS on the interaction between p21WAF1 and CDKs. The cell lysates from control and EEGS-treated cells were immunoprecipitated using anti-CDK2 or anti-CDK4 antibody, respectively. In addition, the immune complex was analyzed for the presence of p21WAF1 by immunoblotting. As shown in Fig. 3D , EEGS increased the association of CDK2 with p21WAF1. In addition, the interaction of p21WAF1/CDK4 complexes was maintained at high levels in SNU-5 cells 24 h after EEGS treatment (Fig. 3D) .
These results suggest that the increased association between p21WAF1 and CDKs plays an important role in inhibiting CDK kinase activity, accompanied by G1 phase cell cycle arrest following EEGS treatment in SNU-5 cells.
EEGS treatment activates ERK1/2 and p38 MAP kinase in SNU-5 cells.
To examine whether MAPK signaling pathways are involved in the inhibition of cell growth induced by EEGS, immunoblotting was carried out. EEGS treatment induced activation of ERK1/2 and p38 MAP kinase (Fig. 4A) . In addition, the activation of ERK1/2 and p38 MAP kinase was inhibited by the presence of specific kinase inhibitors such as U0126 (ERK1/2) and SB203580 (p38 MAP kinase), respectively (Fig. 4B) . However, EEGS had no effect on JNK activation (Fig. 4A) . These results suggest that EEGS treatment could be used to activate the ERK1/2 and p38 MAP kinase signaling pathways in SNU-5 cells.
SB203580, a specific inhibitor of p38 MAP kinase, reverses increased p21WAF1 expression and decreased CDK levels in EEGS-treated SNU-5 cells.
To confirm whether MAPK is associated with EEGS-induced G1 phase cell cycle arrest, we next examined the p21WAF1 expression and CDK levels using immunoblotting following pretreatment with MAP kinase-specific kinase inhibitors. As shown in Fig. 5A , the p21WAF1 expression induced by EEGS was inhibited in the presence of SB203580. However, U0126 treatment had no effect on EEGS-induced p21WAF1 expression (Fig. 5A) . In addition, the decreased expression of CDK2 and CDK4 at the protein levels was also reversed by pretreatment with SB203580 (Fig. 5B) . These results indicate that the p38 MAP kinase signaling pathway is involved in G1 phase cell cycle arrest via expression of p21WAF1.
Inhibition of ERK recovers the inhibitory growth effects in EEGS-treated SNU-5 cells.
To further investigate the potential role of p38 MAP kinase on the EEGS-induced inhibition of cell growth, an MTT assay was performed following pretreatment with SB203580. To accomplish this experiment, SNU-5 cells were untreated or treated with EEGS in the absence or presence, respectively, of SB203580. Incubation of cells with SB203580 blocked the decrease in cell growth in EEGS-treated SNU-5 cells (Fig. 5C ), as compared with that in cells treated with EEGS alone. Our results suggest that the p38 MAP kinase signaling pathway in SNU-5 cells is associated with the cell growth inhibition that is induced by EEGS.
EEGS abolishes TNF-α-induced MMP-9 expression via a reduction in NF-κB and AP-1 binding activity.
To determine the effect of EEGS on MMP-9 expression in TNF-α-treated SNU-5 cells, gelatin zymography assay was performed. The results showed an increase in MMP-9 expression following treatment with TNF-α (Fig. 6A) . TNF-α-induced MMP-9 secretion was inhibited by pre-incubation of SNU-5 cells with EEGS (Fig. 6A) . By contrast, there was no effect on constitutive MMP-2 expression in the presence of either TNF-α or EEGS (Fig. 6A) . Similar results were observed in the immunoblot analysis (Fig. 6A) . Next, gel-shift assays were performed to identify the potential transcription factors by which TNF-α regulates MMP-9 expression. As shown in Fig. 6B , TNF-α increased the binding for both NF-κB and AP-1 motifs in the SNU-5 cells. However, Sp-1 binding activity was not stimulated in response to TNF-α (Fig. 6B) . Finally, we investigated the possible implications of transcription factors NF-κB and AP-1 in the regulation of MMP-9 in response to TNF-α by EEGS. As shown in Fig. 6B , both NF-κB and AP-1 DNA binding activities were almost abolished by pretreatment with EEGS in TNF-α-treated SNU-5 cells. These results suggest that EEGS inhibited TNF-α-induced MMP-9 expression via a decrease in the activation of NF-κB and AP-1 motifs in SNU-5 cells.
Discussion
Many types of antitumor agents have been effective against tumor initiation and the promotion of tumorigenesis (3) (4) (5) . However, crucial problems, such as side-effects and the occurrence of drug resistance, must be overcome for the effective treatment of gastric cancer (6,7,30) . Recently, use of the biological properties of natural plants to develop antitumor agents has attracted increased interest. In the present study, we evaluated the mechanisms of an ethanol extract of Gleditsia sinensis thorns (EEGS) in the potential therapeutic effects underlying cell cycle control, signal transduction pathways and MMP regulation.
Treatment of SNU-5 cells with EEGS (200-800 µg/ml) resulted in inhibition of cell growth. Apoptotic cells were observed following high-dose treatments (600-800 µg/ml). The potential of chemopreventive or chemotherapeutic agents to suppress the growth of cancer cells is associated with blocking the G1 to S transition checkpoint. In general, G1 to S cell cycle progression is regulated by activation of CDK regulatory proteins and cyclin complexs (8) (9) (10) . Therefore, the induction of G1 phase cell cycle arrest in cancer cells is proposed as a critical therapeutic approach, which inhibits cell cycle progression and tumor growth. EEGS treatment induced G1 phase cell cycle arrest, with a concomitant decrease in cyclin D1/CDK4, and cyclin E/CDK2 complexes in SNU-5 cells. These results are inconsistent with those of previous studies indicating that EEGS induced G2/M phase cell cycle arrest in colon cancer cells (31) . The results of the present study demonstrated that EEGS caused G1 phase cell cycle arrest via a reduction in cyclins and CDKs, which are regulatory molecules involved in G1 to S cell cycle progression in SNU-5 cells.
p21WAF1, one of the CDKI family proteins (CDK inhibitors), is a universal inhibitor of CDKs, the expression levels of which are normally regulated by the kinase activity of CDK/cyclin complexes through either a p53-dependent or a p53-independent mechanism (11, 32) . In addition, p21WAF1 plays an essential role in the cellular stress induced by antiproliferative signals, which inhibit the G1 to S phase cell cycle progression (11) . Previous studies have shown that accumulation of p27KIP1 is associated with G2/M phase cell cycle arrest in colon cancer cells (31) . Our data revealed that EEGS increases p21WAF1 protein expression during G1 phase cell cycle arrest in SNU-5 cells. However, the expression levels of other CDKIs, including p27KIP1 and p53, remained essentially unchanged. These results suggest that induction of p21WAF1 may also be responsible for G1 phase arrest in EEGS-treated SNU-5 cells. Collectively, the mechanistic investigation showed that EEGS causes p21WAF1-mediated G1 phase cell cycle arrest via downregulation of cyclin/CDK complexes in SNU-5 cells.
Regulation of cell growth inhibition occurs through various mechanisms including the MAPK signaling pathway (12) (13) (14) . In the present study, we examined the potential involvement of MAPK pathways, such as ERK, p38 MAP kinase and JNK, in the EEGS-induced inhibition of cell growth. Treatment of cells with EEGS induced activation of ERK1/2 and p38 MAP kinase. Previous studies have demonstrated that the MAPK pathway is accompanied by change in the cell cycle regulation (13, 14, 33, 34) . Since EEGS induced p21WAF1 expression, the involvement of MAPK signaling pathways in EEGSinduced p21WAF1 expression was investigated. Inhibition of p38 MAP kinase, using a pharmacological inhibitor (SB203580), reversed p21WAF1 expression induced by EEGS. However, pretreatment of cells with U0126 (an ERK1/2 inhibitor) did not affect the EEGS-mediated p21WAF1 expression. These data suggest that ERK1/2 activation is not required for p21WAF1 expression in response to EEGS, although EEGS Figure 6 . EEGS suppresses TNF-α-stimulated MMP-9 expression via decreased DNA-binding activity of NF-κB and AP-1 in SNU-5 cells. After a one-day culture in serum-free medium, cells were pretreated for 40 min with EEGS at the indicated concentrations (200 or 400 µg/ml), followed by stimulation with or without TNF-α (100 ng/ml) for 24 h. (A) The culture supernatants were collected and analyzed zymographically for MMP activity. Similarly, cell lysates were subjected to immunoblot analysis with antibodies specific for MMP-9 and GAPDH. (B) After incubation, nuclear extracts were isolated and then analyzed for binding activities of NF-κB, Sp-1, or AP-1 using EMSA with radiolabeled oligonucleotide probes as described in Materials and methods.
induces activation of ERK1/2. The results of the present study showed that the activation of p38 MAP kinase is a main factor in the regulation of EEGS-induced p21WAF1 expression in SNU-5 cells. In addition, the inhibition of p38 MAP kinase by pre-incubation with SB203580 restored the cell growth inhibition and downregulation of G1 phase cell cycle-associated proteins, CDK2 and CDK4. Our findings obtained by the inhibition of p38 MAP kinase indicate that p38 MAP kinase is involved in the inhibition of cell proliferation by suppressing cell cycle regulatory proteins, the CDKs. The present study is the first to show that the p38 MAP kinase signaling pathway may be responsible for p21WAF1-mediated G1 phase cell cycle arrest in the EEGS-mediated inhibition of cell growth.
Matrix metalloproteinase-9 (MMP-9) is a major component involved in the degradation of the extracellular matrix (ECM) and participates in the metastatic progression of gastric cancer (17) (18) (19) . A previous report showed that TNF-α enhances MMP-9 expression in gastric cancer cell lines (35) . Based on these studies, we further investigated the effects of EEGS on the regulatory mechanism of MMP-9 in TNF-α-treated SNU-5 cells. In TNF-α-treated cells, using both zymographic and immunoblot analyses, TNF-α-induced MMP-9 expression was inhibited by treatment with EEGS at the protein level, without altering the level of MMP-2. It is well known that transcription factors NF-κB, AP-1, and Sp-1 are involved in MMP-9 expression in response to TNF-α in several cell lines (20) (21) (22) (23) 36) . However, the identification of cis-elements in the induction of MMP-9 by TNF-α in gastric cancer has not been addressed to date. Our data from the present study represent the first evidence that TNF-α effectively enhances MMP-9 expression via increasing both AP-1 and NF-κB binding activities in a gastric cancer cell line. However, unexpectedly, we did not observe the Sp-1 binding activity in TNF-α-treated cells. In addition, we found that treatment of cells with EEGS showed significantly decreased binding activities in both AP-1 and NF-κB motifs in response to TNF-α. Our results suggest that NF-κB and AP-1 sites are important for the inhibition of EEGS-mediated MMP-9 expression in TNF-α-treated SNU-5 cells.
In conclusion, the results of the present study revealed that EEGS-induced inhibition of cell growth was associated with p38 MAP kinase activation via p21WAF1-mediated G1 phase cell cycle arrest, which involved a decrease in the cyclin and CDK complexes in gastric cancer SNU-5 cells. In addition, EEGS significantly inhibited MMP-9 expression via the suppression of the binding activities of NF-κB and AP-1 cis-elements in TNF-α-treated cells. The results of the present study warrant the development of EEGS as a novel anticancer agent for the effective therapy of human gastric cancer. However, further study is required to elucidate the effects of the EEGS compound in regards to its molecular mechanisms, which are responsible for its in vivo efficacy.
